Calcitriol [1·,25(OH) 2 D 3 ], the hormonally active form of vitamin D 3 (D 3 ) is produced in both renal and extrarenal tissues. Our findings demonstrate that physiological doses of UVB radiation at 300 nm induce the conversion of 7-dehydrocholesterol (7-DHC) via preD 3 and D 3 into calcitriol in the pmol range in epidermal keratinocytes. The hydroxylation of photosynthesized D 3 to calcitriol is strongly suppressed by ketoconazole, a known inhibitor of cytochrome P450 mixed function oxidases. The UVBinduced formation of calcitriol in human skin is demonstrable in vivo by the microdialysis technique. These results suggest that human skin is an autonomous source of hormonally active calcitriol.
Introduction
Cutaneous vitamin D 3 (D 3 ) is generated by UVBinduced photolysis of 7-dehydrocholesterol (7-DHC) [1] . Once formed, D 3 is transported to the liver [2, 3] where it is metabolized to calcidiol (25OHD 3 ) which is further metabolized in the kidney [4, 5] to calcitriol [1·,25(OH) 2 D 3 ], the hormonal active form of D 3 . Except from its calcitropic action, 1·,25(OH) 2 D 3 has antiproliferative and prodifferentiative effects on epidermal keratinocytes [6] [7] [8] . However, the calcitriol concentration required to suppress growth of keratinocytes in vitro are substantially higher than present in blood [6] . On the other hand, it has been shown that cultured keratinocytes can convert exogeneous calcidiol (25OHD 3 ) to calcitriol [9] . The physiological importance of this pathway however is unclear because only trace amounts of calcitriol were synthesized from calcidiol by skin ex vivo [10] . Previously, we were able to demonstrate that in cultures of human keratinocytes biologically inactive D 3 can be converted to 1·,25(OH) 2 D 3 [11, 12] . Since the skin is both the site of D 3 synthesis and a target organ for 1·,25(OH) 2 D 3 it is important to know whether UVB-induced photolysis of 7-DHC with consecutive synthesis of D 3 can influence the epidermal production 1·,25(OH) 2 D 3 .
Methods

Cell Culture
HaCaT cells (used with the permission of Prof. N.E. Fusenig of the German Cancer Research Center, Heidelberg) were seeded at a density of 5 ! 10 4 cells/cm 2 in culture dishes (n30 mm) and grown in DMEM supplemented with 5% (v/v) FCS. Cultures were maintained at 37°C and 5% CO 2 in air. After synchronization the medium was replaced by serum-free DMEM supplemented with 1.0% (w/v) of highly purified BSA (Sigma). At this time cells were preconfluent (equal to " 0.7 ! 10 6 cells/dish). Cell numbers and their viability were assessed using a CASY ® 1 cell counter (Schärfe System GmbH, Reutlingen, Germany). The viability was always 693%. 
Incubation Conditions
GC-MS Analysis
Dried fractions from HPLC were derivatized to TMS ether derivatives and analyzed by GC-MS. The derivatized sample (1 Ìl) was directly injected manually into a model 5890/II gas chromatograph equipped with a 25 m ! 0.2 mm HP-1 capillary column (cross-linked methylsiloxane, 0.33 Ìm) and interfaced with a model 5989A MS Engine (Hewlett-Packard, Palo Alto, CA, USA).
Microdialysis
Investigations were carried out during winter. The microdialysis probe used (CMA 70, CMA/Microdialysis Research AB, Sweden) has a shaft length of 60 mm and a membrane length of 10 mm. The steel shaft of the probe has an outer diameter of 0.64 mm. The diameter at the tip of the probe where the dialysis membrane is located is 0.5 mm. The molecular weight cutoff point for the membrane is 20 kD. The abdomen was selected as site for insertion of two independent microdialysis probes (UVB irradiation and control, respectively). When local anesthesia at the point of insertion was done, an apheresis needle (1.60 ! 32 mm) was inserted as a guide, as superficially as possible for 15 mm. The probe was inserted through the guide, which was then withdrawn and taped in position. The site of insertion and the area above the tip of the probe were marked. The probe was first flushed with Ringer's solution using a CMA 107 microdialysis pump for 5 min at a flow rate of 15 Ìl/min. Thereafter the flow was changed to 0.3 Ìl/min, and the dialysate was fractionated into microvials for 3 h each (control). The second probe was uncovered after 3 h and irradiated wih monochromatic UVB at 300 nm (doses: 14 or 28 mJ ! cm -2 , equal to 0.7 or 1.4 MED, respectively). The microvials were changed every 3 h until 24 h after UVB exposure. The content of 1·,25(OH) 2 D 3 in 50 Ìl dialysate of each fraction was determined by radioreceptor assay (see above).
Results and Discussion
In vitro experiments using the HaCaT cell line demonstrated the UVB-induced conversion of exogeneous 7-DHC via previtamin D 3 (pre-D 3 ) and D 3 to 1·,25(OH) 2 D 3 in these cells. The rate of formation of 1·,25(OH) 2 D 3 in HaCaT cells depends on the UVB wavelength used for irradiation and is very similar to that of D 3 , showing maxima at around 303 nm ( fig. 1 ). This finding points to a close relation between UVB-induced D 3 synthesis and consecutive formation of 1·,25(OH) 2 D 3 .
Lehmann/Knuschke/Meurer Ketoconazole [13] dose-dependently inhibited the UVB-induced generation of calcitriol in HaCaT cells when added to the culture immediately after irradiation ( fig. 2) . In contrast, the radical scavenger and antioxidant 1,2-dianilinoethane [14] showed only marginal inhibitory effects on the generation of 1·,25(OH) 2 D 3 (fig. 2 ). This finding points to an enzymatically catalyzed pathway of D 3 to 1·,25(OH) 2 D 3 as previously found after exogenous addition of D 3 to cultured keratinocytes [11, 12] .
Calculations indicate that only 0.007% of the UVBirradiated 7-DHC (30 nmol/dish) is converted to 1·,25(OH) 2 D 3 (equal to 2.093 fmol/10 6 cells). For comparison, the normal range of the concentration of 1·,25(OH) 2 D 3 in human serum is 68 B 27 fmol/ml [15] . Finally, we have been able to show in preliminary experiments that the UVB-induced formation of calcitriol at 300 nm in human skin can be demonstrated using the microdialysis technique ( fig. 3 ). Calcitriol concentrations in the dialysate were at a maximum 12-18 h after UVB irradiation and increased with rising UVB doses up to 28 mJ ! cm -2 (equal to 1.4 MED).
It can be concluded from our findings that the metabolism of photosynthesized D 3 to 1·,25(OH) 2 D 3 in keratinocytes is obviously catalyzed by P450 mixed function oxidases. Our findings demonstrate the UVB-triggered conversion of 7-DHC to substantial amounts of 1·,25(OH) 2 D 3 in HaCaT keratinocytes. In vivo experiments using the microdialysis technique demonstrated cutaneous generation of 1·,25(OH) 2 D 3 12-18 h after the skin was UVB irradiated at 300 nm in therapeutical doses. These findings are of potential importance for the proliferation, differentiation and apoptosis of keratinocytes as well as immunsuppression in skin under influence of UVB. Also, one could speculate whether the therapeutical effect of UVB in hyperproliferative skin diseases such as psoriasis can be partially attributed to the action of epidermally synthesized calcitriol.
